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ABSTRACT 
Water samples and free-l iving and sess i te  c i l i a t ed  protozoa were col- 
lected a t  various distances above and below a stream t h a t  received runoff 
from a feedlot. No correlation was found between the species of protozoa 
recovered, water chemistry, location i n  the stream, or  time of collection. 
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INTRODUCTION 
The cur ren t  t rend f o r  feeding l ives tock  i n  the  United S t a t e s  i s  toward 
l a r g e  confinement types of operation. Most of these  l a rge  commercial f e e d l o t s  
have some means of manure d isposal  and programs t o  prevent runoff from feed- 
l o t s  from reaching streams. However, the re  a r e  s t i l l  l a rge  numbers of smaller 
f eed lo t s ,  many of which do not  have adequate f a c i l i t i e s  f o r  disposal  of manure 
o r  preventing runoff from reaching waterways. The production of wastes by 
domestic animals was of ten  not  considered i n  t h e  pas t ,  but  management of wastes 
i s  cur ren t ly  one of the  l a r g e s t  problems fac ing the  l ives tock  industry.  I t  has 
been estimated t h a t  3 pounds of manure a r e  produced f o r  each quar t  of milk pro- 
duced and 6 t o  25 pounds of manure a r e  produced f o r  each pound of l ives tock  
weight gain (Hart and McGanhey, 1963). I n  I l l i n o i s  t h e  equivalent  population 
of animal wastes i s  considered t o  be g rea te r  than the  wastes produced by the  
human population (Loehr , 1968) . 
That c i l i a t e  protozoa a r e  common i n  streams pol lu ted  by b io logica l  
wastes has been well documented (Lackey, 1925; Liebmann, 1951), and t h e  numbers 
of c i l i a t e d  protozoa were reported t o  decrease with increased b io logica l  pol- 
l u t i o n  (Cairns, 1965). However, a d i f f e r e n t  study reported t h a t  highest  popu- 
l a t i o n  l e v e l s  of c i l i a t e d  protozoa were found neares t  t h e  discharge of a waste 
t reatment p lan t  (Small, 1973) . 
Aquatic c i l i a t e d  protozoa have a cosmopolitan d i s t r i b u t i o n ,  but  few 
recent  s tud ies  have been concerned with t h e i r  r o l e  a s  ind ica to r s  of po l lu t ion  
o r  t h e i r  poss ib le  r o l e  i n  removing bac te r i a  from po l lu ted  streams. Many spe- 
c i e s  of c i l i a t e d  protozoa a r e  bacter ivores  and a r e  an important source f o r  
removing bac te r i a  from water. That t h e  d i s t r i b u t i o n  of c i l i a t e d  protozoa 
depends on t h e i r  food supply has been well  described (Faur&Frerniet, 1950). 
OBJECTIVES 
The objec t ives  of the  study were: (1) t o  i d e n t i f y  the  c i l i a t e d  proto- 
zoan p r o f i l e  i n  a  stream which receives  d i r e c t  runoff from a  c a t t l e  f eed lo t  
and ( 2 )  t o  c o r r e l a t e  the  c i l i a t e d  protozoan p r o f i l e  with b io log ica l  and chemi- 
c a l  ind ica to r s  of pol lu t ion .  
MATERIALS AND METHODS 
Study Area: 
The study area  was near DuQuoin, Perry County, I l l i n o i s .  The feed lo t  
used may contain a s  many a s  4,000 c a t t l e  a t  any one time and has an annual 
turnover of approximately 10,000 animals. Runoff from the  feed lo t  reaches Reese 
Creek, a  t r i b u t a r y  of the  L i t t l e  Muddy River (Appendix I ) .  There i s  no runoff 
i n t o  the  stream from other  f eed lo t s .  Farmers i n  the  area  below the  feed lo t  
were concerned with po l lu t ion  of the  stream and were cooperative i n  e s t ab l i sh -  
ing c o l l e c t i o n  s i t e s  on t h e i r  farms. 
Although personnel a t  the  f eed lo t  s t a t e d  t h a t  no runoff from the  feed lo t  
reached Reese Creek, the re  was v i s u a l  evidence of runoff a t  one point .  S e t t l i n g  
bas ins  were constructed during the  summer of 1974 t o  receive.  Two primary 
s e t t l i n g  bas ins  received l i q u i d  wastes from the  feed lo t .  These bas ins  were 
connected t o  canals  which fed l i q u i d s  i n t o  three  l a rge  lagoons, which were 
completed on November 17, 1974, and a f t e r  t h a t  cont ro l led  feed lo t  runoff .  
Collect ion s i t e s  were located above and a t  various d i s t ances  below the  
feed lo t  runoff .  During the  f i r s t  year of t h e  study, one co l l ec t ing  s i t e  was 
used above the  stream flow through the  feed lo t  t o  determine base l ine  chemical 
and b io log ica l  p roper t i e s  of the  stream. Two s i t e s  were es tabl i shed i n  each 
of the  following zones below the  feedlot--"septic ,  oxygen sag, and clean water." 
The above zones were determined by co l l ec t ing  inver t eb ra te  ind ica to r  organisms 
such a s  physid s n a i l s ,  t u b i f i c i d  ol igochaetes,  and midge larvae.  The inverte-  
b ra tes  were col lec ted  by using standard quan t i t a t ive  limnological methods. 
The co l l ec t ing  s i t e s  (Sl-S6) a r e  i l l u s t r a t e d  i n  Appendix 1. S1 was located 
above a bridge approximately 1 mile above t h e  feedlot .  The stream a t  t h i s  
po in t  was approximately 30 f e e t  wide and 3 f e e t  deep. The stream was slow, 
contained much wooded debr is ,  and had l i t t l e  v i sua l  evidence of pol lu t ion.  No 
runoff from any feedlot  entered t h e  stream above t h i s  point .  S i t e  S2 was loca t  
ed about 40 f e e t  downstream from t h e  area  which received per iodic  runoff from 
t h e  feed lo t .  A t  t h i s  point  t h e  stream was 10-12 f e e t  wide and 1-3 f e e t  deep 
and was rapidly  flowing. S i t e  S3 was located approximately 15 f e e t  below an 
area  which received raw municipal sewage from the  c i t y  of ~uQuoin during heavy 
rainstorms. No raw sewage was allowed t o  run i n t o  t h e  stream a f t e r  May 30, 
1975. S i t e  S4 was located approximately 100 yards below S3. The stream was 
about 10 f e e t  wide and 3 f e e t  deep with slow running water. S i t e  S5 was about 
two miles below s i t e  S4. A t  t h i s  point  t h e  stream was about 15 f e e t  wide and 
3 f e e t  deep. There was sluggish water flow. Studies during 1974 indicated t h a t  
therewerefew di f ferences  i n  c i l i a t e d  protozoa a t  a l l  s i t e s .  Because of wide- 
spread po l lu t ion  t h e  normal bactivore/carnivore protozoan p r o f i l e  could not be 
es tabl ished.  For t h i s  reason two addi t ional  co l l ec t ion  s i t e s  were es tabl ished.  
S i t e  SO was approximately 1 .5  miles upstream from S1, and S6 was approximately 
1 .5  miles below S5. I t  was ant ic ipated  t h a t  these  s i t e s  would provide addi t ional  
da ta  t o  e s t a b l i s h  t h e  c i l i a t e  p r o f i l e  of t h e  stream. 
Collect ion of Samples: 
C i l i a t e d  protozoa and water samples were co l l ec ted  a t  weekly t o  10-day 
i n t e r v a l s  from July 3 ,  1974,to November 5, 1975. Thereafter co l l ec t ions  were 
made a t  biweekly i n t e r v a l s  u n t i l  June 5, 1975. Samples were then co l l ec ted  a t  
weekly i n t e r v a l s  u n t i l  August 7, 19751 when biweekly co l l ec t ion  began. These 
were continued u n t i l  termination of t h e  study on Apri l  16, 1976. 
Samples collected a t  each s i t e  were (1) s l i d e  t raps  fo r  s e s s i l e  proto- 
zoa, ( 2 )  bulk water samples fo r  motile protozoa, and ( 3 )  bulk samples t o  
determine ammonia, n i t r a t e ,  n i t r i t e ,  dissolved oxygen, and biological  oxida- 
t ion  demand. 
The coversl ip t raps  have been previously described (Small, 1973). Traps 
containing 10 coversl ips were placed a t  each s i t e  one week p r io r  t o  col lect ion.  
The t r aps  were attached t o  a s t r i ng  which was anchored t o  the  stream bank. 
After col lect ion a new coversl ip t r ap  was placed a t  each s i t e .  A s  soon a s  the 
coversl ip t r ap  was removed from the water it was placed i n  a j a r  containing 
15 cc of Holland's f ixat ive .  Approximately 1 l i t e r  of water was collected in  
bo t t l e s  t o  study free-l iving protozoa and an addi t ional  250 cc was collected 
fo r  chemical analyses. The water samples and coversl ip t raps  were placed i n  
insulated Styrofoam containers packed with a r t i f i c i a l  f reezer  containers and 
transported t o  the laboratory. 
Coverslips were retained i n  the f i xa t i ve  u n t i l  s ta ining with protargol.  
The water samples containing the free-l iving protozoa were concentrated 
with a continuous flow centrifuge. The samples were then affixed t o  cover- 
s l i p s  with albumin and stained as  described above. 
Chemical analyses were performed by the  I l l i n o i s  Environmental Protec- 
t i on  Laboratory, Urbana, I l l i n o i s .  
RESULTS 
F i r s t  Year of Study: 
The f i r s t  s i t e  chosen, about 1 mile above the feedlot ,  had approximately 
the same types of bactivorous c i l i a t e s  a s  were found a t  the  point  of v isual  
feedlot  runoff in to  the  stream. ( A  r i s e  i n  bactivorous c i l i a t e s  pa r a l l e l s  a 
r i s e  i n  bac te r ia l  growth associated with increased biological  pol lut ion. )  
This  p a t t e r n  was cons tan t  f a r  downstream al though t h e  d i v e r s i t y  of spec i e s  de- 
creased from t h a t  a r e a  accept ing  t h e  g r e a t e s t  d i r e c t  runoff ( s i t e s  2, 3,  and 
4 ) .  A t  s i t e  1, 11 d i f f e r e n t  genera were found. These were a l l  bac t ivo res .  
A t  s i t e  2,  one of  t h e  two s i t e s  of  v i s u a l  runoff ,  15  spec i e s  were found. These 
were a l l  bac t ivo res  except  f o r  1 carn ivore .  There were 14 genera found a t  
s i t e  3 ,  t h e  second a r e a  of v i s u a l  p o l l u t i o n .  Again, t h e r e  was only one carn i -  
vore.  A t  s i t e  4, where t h e  s t ream widens, flows slowly and where it rece ives  
b r i g h t  sun most of  t h e  day, 20 genera were found. Of these ,  only 2 genera 
were carn ivores .  F i n a l l y  a t  s i t e  5, about 2 mi l e s  downstream from s i t e  4,  t h e  
number of  genera dropped t o  13. Two of t hese  were carn ivores .  The genera and 
t h e  number of t imes each was found a r e  given on Table 1. 
It is  c l e a r  from t h e  r e s u l t s  of  t h i s  s tudy  thus  f a r  t h a t  t h e  c i l i a t e  
p r o f i l e  p r e s e n t s  a genera l  p i c t u r e  of a l l  s i t e s .  Because of t h e  widespread 
p o l l u t i o n ,  t h e  normal bac t ivore /carn ivore  p r o f i l e  of  a "clean" s t ream has  no t  
been e s t ab l i shed .  I n  f u r t h e r  s t u d i e s ,  s i t e s  w i l l  be  e s t a b l i s h e d  much f u r t h e r  
downstream and upstream t o  see  how o r  whether t h e  protozoan p i c t u r e  v a r i e s  
much from t h a t  found a t  t h e  s i t e s  near  t h e  f e e d l o t .  
The chemical i n d i c e s  of p o l l u t i o n  a t  each s i t e  confirmed t h a t  t h e  s t ream 
was p o l l u t e d  a t  a l l  s i t e s  except  s i t e  1. According t o  s t anda rds  s e t  f o r  
I l l i n o i s  waterways1 t h e  d i s so lvedoxygen  should not  be l e s s  than  5.0 mg/ l i te r  
a t  any time. A l l  s i t e s  except  s i t e  1 had readings a t  o r  below t h i s  l e v e l  a t  
l e a s t  once dur ing  t h e  s tudy per iod .  Also according t o  t h e  same pub l i ca t ion ,  
t h e  concent ra t ion  of  ammonia n i t rogen  (N) should no t  exceed 1.5 mg/ l i te r .  
S i t e  1 again  was t h e  only sample s i t e  t h a t  d i d  not  exceed t h i s  reading a t  
l e a s t  once i n  t h e  year .  The only  index f o r  which more than  one s i t e  remained 
cont inuously i n  t h e  s a f e  range was b i o l o g i c a l  oxygen demand (BOD).  Here both 
s i t e s  1 and 2 remained well below the established 30 mg/liter throughout the 
en t i re  year. 
The food sources of the various protozoa found are  presented i n  Table 
3 .  
No correlation was found between the species of protozoa recovered, 
water chemistry, collection s i t e ,  and time of collection. 
TABLE 1. Genera of protozoa and the numbers of times each was found at each 
site. 
No. of tirnes 
Site No. Genera found 
Vorticella 
Paramecium 
Tetrahymena 
Blepharisma 
Epistylis 
Glaucoma 
Zoo thamnium 
Carchesium 
Colpidiurn 
Glenodinium 
Euwlotes 
Vorticella 
Tetrahymena 
L 2. 
Paramecium 
Glaucoma 
Colpidium 
Cothurnia 
Tintinnopsis 
Blepharisma 
Dilewtus 
L 
Glenodinium 
Opercularia 
Platycola 
Zoothamnium 
Vorticella 
~iaucoma 
Paramecium 
  in tin no psis 
Blewharisma 
L 
- 
Chilodonel la 
Didinium 
Epidinium 
E]?istylis 
Frontonia 
Ho lophrya 
Tetrahymena 
Table 1 (continued) 
No. of times 
Site No. Genera found 
4 Vorticella 13 
Tetrahymena 
Ble~harisma 
A. 
Colpidium 
Glaucoma 
Paramecium 
E~istvlis 
A. 
Tintinnopsis 
Chilodonella 
Climacostomum 
Coleps 
Colpoda 
Cymatocyclis 
Didinium 
E~idinium 
Holophrya 
Leucophry s 
Malacophrys 
Opercularia 
Zoothamnium 
Vorticella 
Tetrahvmena 
Paramecium 
Didinium 
Blepharisma 
Chilodonella 
Colpidium 
Glaucoma 
Coleps 
Cothurnia 
Epistylis 
Euplotes 
Holophyra 
TABLE 2. Genera of protozoa and the numbers of times each was found at each 
site. 
No. of times 
Site No. Protozoa found 
S 0 Vorticella 2 1 
Tetrahymena 
Cothurnia 
Platycola 
Tintinnidae 
Zoothamnium 
Blepharisma 
Colpidium 
ED idiniurn 
Glaucoma 
Paramecium 
Podophrya 
Vorticella 
Holophrya 
Tetrahymena 
Cothurnia 
Coleps 
Colpidium 
Cymatocyclis 
Ewistvlis 
Glaucoma 
Platycola 
Spirostomun 
Tintinnidae 
Zoothamnium 
Vorticella 
Holophrya 
Paramecium 
Glaucoma 
Vorticella 
Holowhrva 
Tetrahymena 
Chilodonella 
Zoothamnium 
Blewharisma 
L 
Colpidium 
Didinium 
Frontonia 
Glaucoma 
Leucophry s 
Prorodon 
TABLE 2 (continued) 
No. of times 
Site No. Protozoa found 
Vorticella 
Holophrya 
Tetrahvmena 
Zoothamnium 
Chilodonella 
Colpidium 
Cvmatocvclis 
Paramecium 
Tintinnus 
Didinium 
Frontonia 
Leucophrys 
Vorticella 
Hololshrva 
Tetrahymena 
Glaucoma 
Paramecium 
Zoothamnium 
Frontonia 
Hypo stomata 
Oxvtricha 
Tokophyra 
Vorticella 
Cothurnia 
Didinium 
Tetrahymena 
Glaucoma 
Hololshrva 
A * 
Chilodonella 
Epidinium 
Euplotes 
Heliolshra 
Nassula 
Paramecium 
Zoothamnium 
TABLE 3. Food source of protozoa found during 
Protozoan Food Source* 
Blepharisma 
Carachesium 
Chilodinella 
Climacostomum 
Coleps 
Co lpoda 
Colwidium 
Cothurnia 
Cyamatocyclis 
Didinium 
Dilewtus 
Epidinium 
Epistylis 
Euplotes 
Frontonia 
Glaucoma 
Glenodinium 
Heliophyra . 
Holophyra 
Hvwostomata 
Leucophry s 
Malacophyrys 
Nassula 
Owercularia 
Oxytricha 
Paramecium 
Platycola 
Podophyra 
Pro rodon 
Spirostomum 
Tetrahymena 
Titinidae 
Tintinnowsis 
Tintinus 
Tokophyra 
Vorticella 
Zoothanium 
A - algae 
B - bacteria 
C - ciliates 
D - diatoms 
F - flagellates 
G - rumen ciliates 
H - nematodes 

